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The spectroscopic and thermodynamic properties of the four diatomic hydrogen halide
molecules—HXg), where X=F, Cl, Br, and |—have been reviewed. Four revised ther-
mochemical tables result from this critical review. The revisions involved the consider-
ation of new spectroscopic information and the use of a direct summation over states for
the generation of the thermochemical tables. Compared to previous calculations, the
entropies at 298.15 K are unchanged, but the high temperature valze000 K) are
significantly different. ©2004 American Institute of Physics.
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also references for the deuterium and tritium substituted
Hydrogen halide Date halides. These references contain information dealing with
experimental measurements, theoretical calculations, and

HF(g) June 1977 . \ .
HCI(g) September 1964 previously derived thermochemical tables.
HBr(g) September 1965 .

HI(g) September 1961 2. Hydrogen Halides

, In each of the following subsections for the four hydrogen
The reassessment is necessary for at least two readons: pjige gases, a discussion of the rationale used in determin-
the existence of newer and more extensive data,(@nthe  ng the recommended spectroscopic and thermodynamic in-
use of a more highly sophisticated statistical mechanicajormation is presented, followed by thermochemical tables
approach—a direct summation over the energy levels.  for the temperature range 0 K—6000 K. The style and format
The Extended Bibliography not only contains detailed in-is that used in the traditional NIST-JANAF Thermochemical
formation on the references for the hydrogen halides, buTables.

2.1. Hydrogen Fluoride

Hydrogen fluoride(HF) Ideal gas M,=20.006 343
A{H°(0 K)=—273.253-0.70 kJmol !
S°(298.15 K)=173.778-0.005 JK 1. mol ™! A¢H°(298.15 K)= —273.300-0.70 kI mol~*

Molecular constants
Symmetry numbero=1

Ground electronic state¢ s * Energy:ex=0cm™? Quantum weightgy=1

Vibrational and rotational levelem™?)

v G,—Gp B, v G,—Gp B,
0 0 20.55973 10 32311.79 13.4729
1 3961.422551 19.787 47 11 34687.32 12.78
2 7750.793 391 19.034 96 12 36903.88 12.0696
3 11372.7993 18.30071 13 38955.56 11.328
4 14831.62 17.582 90 14 40833.4 10.5428
5 18130.96 16.8792 15 42525.06 9.6869
6 21273.69 16.1895 16 44013.22 8.7396
7 24262.18 15.5033 17 45274.57 7.6528
8 27097.87 14.8266 18 46277.52 6.344
9 29781.33 14.1497 19 46975.55 4.419
=G,—Go+F

E
F,=B,Z—D,Z?+H,z3-L,Z*+(L,z%%(H,z3-L,z%

D,=2.15537X 10 3—6.5822< 10 °Y+2.938< 10 6Y2+2.78< 10 "Y3—1.05< 10 'Y*+5.839 99% 10 °Y®
H,=1.659<10 '—4.664x 10 %Y —1.94x 10 1%?2

L,=8.22820 10 > wherez=J(J+1), Y=0v+1/2

r.=0.916 809 0.000 001 A

2.1.1. Enthalpy of Formation thalpy of vaporization of HF by Vanderzee and Rodenbfirg
(30.26+0.10 kImol~1). Considerably less accurate values
of A{H°(HF,g), in particular because of polymerization of
The enthalpy of formation of hydrogen fluoride, HF, was HF vapor, were obtained in earlier pap&r§.
recommended by CODATA-ICSUIt was calculated from The spectroscopic values for the dissociation energy of HF
measurements of the enthalpy of formation of liquid HF bywere derived from predissociation by rotation in t§é3, *
Johnsonet al? (—303.55-0.25kJmol™ %), and the en- state by Di Lonardo and Dougt¥s (47333+60cm !
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=566.2-0.7 kIJmol™%) and by Johnson and Barrétv theoretical calculations on the ground and Rydberg states of
(47 241+ 100 cm *=565.1+=1.2 kJmol %). Both values HF."*" These do not contradict experimental ddtee
are in excellent agreement with the calculated valg  Table J.
=566.5 kJmol~%. Zemke et al!? have constructed hybrid The thermodynamic functions of H§ were calculated
potential curves with proper long-range behavior for theusing the program described in Gurviehal®® The uncer-
ground states of HF and DF and proposed imprawe(D ;) tainties in the calculated thermodynamic functions for
values for HF: D.,=49362t5cm ! and D, <5000 K are determined mainly by the uncertainty of the
=47311cm?®. The photoionization study of HF by fundamental constants. With increasing temperature the un-
Berkowitz et al® gave a value for the dissociation energy certainties increase because of the absence of experimental
(4714381 cm 1Y), but it does not agree with the adopted data for vibrational—rotational energy levels witk-40 and
value within the limits of the error indicated. because of the use of an approximate method for calculating
The accepted enthalpy of formation of HfF also agrees the limiting curve of dissociation. The uncertainties in the
with the value of enthalpy of formation of the Fon in the  values ofS°(T) are estimated to be 0.005, 0.01, 0.02, and
state of standard aqueous solution 0.15 JK 1.mol ™t at 298.15, 1000, 3000, and 6000 K, re-

o spectively.
AHA(F, sol. HO, stand. state, 298.15)K The thermodynamic functions of H§ have been calcu-
=—335.35-0.65 kJmol™ %, lated earlier in numerous stud?&s% for temperatures not

exceeding 6000 K. Despite the difference of the constants
nd methods of calculations used in the various studies, and
gecause of the large values of vibrational frequency, the ro-
tational constant and the dissociation energy of HF, the re-
sults of these calculations coincide satisfactorily with each
other and with the present calculation. For example, the cal-

These are calculated by direct summation over vibration-culations given in Gurvictet al.* were performed by direct
rotation levels of the ground electronic state. The informa-SUmmation over the energy levels and in the NIST-JANAF
tion on vibration—rotation levels of HF in the groupds *  Thermochemical Table® by the method of Meyer and
state was obtained from the rotational analyses of vibration-Goeppert-Meyer. The differences between the results of

rotation band®-38 and pure rotational specta? and the these two studies are negligible at Ilow t(irpperatures and at
electronic transitiod®618 13 +_X 1S +. Based on experi- 6000 K do not exceed 0.9 and 0.4J ~-mol " in the values

o .
mental data, the potential energy curve for the ground statgf Cp(T) andS*(T), respectively.

was studied in the literatur:>>-°® The adopted constants

are results of our fit of the best data o2 as given by Le 2.1.3. References

Blanc, Walker, and BernatH,for v=3 by Susada® for v

=4-6 by Webb and Rat),and for 7<v<19 by DiLonardo  1copata Key Values for Thermodynami€snal Report of the CODATA
and Dougla§.0 The rotational constants far=0 in LeBlanc Task Group on Key Values for Thermodynamics, edited by J. D. Cox, D.

et al¥" were fixed at the values obtained from pure rotational ,D- Wagman, and V. A. MedvedefHemisphere, Washington, 1988

i 51 G. K. Johnson, P. N. Smith, and W. N. Hubbard, J. Chem. Thermdgjyn.
spectrum by Heddericht al. 793(1973.
All the constants given above were included in the proce-3c. E. vanderzee and W. W. Rodenburg, J. Chem. Thermogya61

ure described in Gurviclet al” (pp. —32. The fitting 1970.
dure described in Gurvickt al®® (pp. 24—32. The fitti (1970

. . . 4
procedure provided the convergence of vibrational levels to (01-97'5]-) Vanderzee and W. W. Rodenburg, J. Chem. Thermo8lyi267

which was recommended by CODATA-IC3Us a result of
calculations over a number of thermochemical cycles, base
on measurements in numerous studigg>-1°

2.1.2. Heat Capacity and Entropy

its dissociation limit and extrapolation &, to the limiting s} \wartenberg and O. Fitzner, Z. Anorg. Algem. Chet1, 313 (1926,

curve of dissociation: 60. Ruff and F. Laass, Z. Anorg. Algem. Chefi83 214 (1929.
3 70. Ruff and W. Menzel, Z. Anorg. Algem. Cherh98, 375 (1931).
A(J)=49356.23-1.36570% 10 °Z—3.690 901 8H. Wartenberg and H. Sctea, Z. Anorg. Algem. ChenR06, 65 (1932.
5 1153 9J. Berkowitz, W. A. Chupka, P. M. Guyon, J. H. Holloway, and R. Spohr,
10 'Z°+4.306 91X 10 ~Z J. Chem. Phys54, 5165(1971).

10G. Di Lonardo and A. E. Douglas, Can. J. Ph§4, 434 (1973.

Umax= 20, Jjim=68. 113.W. C. Johns and R. F. Barrow, Proc. R. Soc. Londo25A 504 (1959.

. . . 2W. T. Zemke, W. C. Stwalley, J. A. Coxon, and P. G. Hajigeorgiou, Chem.
The procedure gives the last vibrational level of the ground Phys. Lett.177, 412 (1991).

statev = 20. The last observed vibrational levebis-19. The 133, p, Coughlin, J. Am. Chem. Sd80, 1802(1958.
v =20 level as the last level was predicted in works dealing“R. C. King and G. T. Armstrong, J. Res. Natl. Bur. Stand2, 113
. : Sisl2 (1968.
WIEPhpOIe?nal Cu.rves of the ground S.t T d i 153, D. Cox and D. Harrop, Trans. Faraday Sét. 1328(1965.
\e electronic spectrum was investigated In Manyi c. sinke, J. Chem. Eng. Dat8), 295 (1965.
studiest®!7-¢7 According to the experimenfd® and  '’G. C. Sinke, J. Phys. Cherfil, 359 (1967.
theoreticai®~"°data, the electronic states correlating with the!’S. L. Rivkin and T. S. Akhundov, Teploenergetike0), 72 (1962.
ground state limit are repulsive. The other excited states lie Még"_/;) Popov, F. A. Kostylev, and T. F. Karpova, Zh. Neorg. Khigy.9
above SO 000 cmt* and are not_taken i_nto account for the 20g s |mes, Astrophys. 50, 251 (1919.
calculation of the thermodynamic functions. There are many*C. Schaeffer and M. Thomas, Z. Phy, 330(1923.
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22p, E. Kirkpatrik and E. O. Salant, Phys. Re\8, 945(1935. 57A. Mank, D. Rodgers, and J. W. Hepburn, Chem. Phys. (248, 169
223, M. Naude and H. Verleger, Proc. Phys. Soc. Londé8, 470 (1950. (1994.

2R. M. Talley, H. M. Kaylor, and A. H. Nielsen, Phys. R&%, 529(1950. %8R. S. Mulliken, Phys. Rews1, 310(1937.

W, S. Benedict, B. W. Bullock, S. Silverman, and A. V. Grosse, J. Opt.%°R. S. Mulliken, Phys. Re\61, 277 (1942.

Soc. Am.43, 1106(1953. 0C. F. Bender and E. R. Davidson, J. Chem. PH5.4989(1968.
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2.2. Hydrogen Chloride

Hydrogen chloridgHCI)

$°(298.15 K)=186.90%0.005 JK - mol~*

Ideal gas M,=36.460 94
A{H°(0 K)=—92.125-0.10 kJmol~*

A{H°(298.15 K)= — 92.31+0.10 kI mol %

Molecular constants

Ground electronic state¢ 3 * Energy:

Symmetry numbero=1

ex=0cm? Quantum weightgy=1

Vibrational and rotational levelem™?)

G,- Gy B

v v
0 0 10.43552
1 2885.36 10.13171
2 5666.79 9.830326
3 8345.05 9.530733
4 10920.63 9.232105
5 13393.64 8.933706
6 15763.84 8.633476
7 18030.53 8.333761
8 20192.66 8.026480
9 22247.99 7.714602
E == GU - G0+ F

F,=B,Z—D,Z?+H,Z3—L,Z*+(L,Z%%/(H,Z3-L,Z%

v G,—Go B

10 24193.84 7.394749
11 26026.77 7.062304
12 27741.70 6.714696
13 29332.42 6.344519
14 30790.40 5.945010
15 32104.69 5.503231
16 33260.68 5.008014
17 34238.36 4.416872
18 35015.76 3.937957

D,=5.310706<10 *—7.04508 10 ®Y+1.609 80X 10~ Y2+ 3.194 908 10~ 8Y3—6.009 053 10" °Y*+ 5.388 955

X 107 10y5

H,=1.694 80510 8—5.405885< 10 1% +3.583473% 10 11Yy2

L,=5.91730% 10 2 where Z=J(J+1), Y=v+1/2
re=1.27456%0.000001 A

2.2.1. Enthalpy of Formation

The enthalpy of formation of hydrogen chloride, HCI, was
recommended by CODATA-ICSUand is based on the re-

sults of measurements of enthalpy of the reaction of hydro

gen with chlorine by RossirfiRoth and Richtef,Wartenberg
and HanisH, Lacher et al.® Faita et al,® Cerquettiet al.’
and King and Armstron§.The value for the dissociatio
energy,

n

Do(H3*Cl)=427.768-0.010 kJmol?!

=35759-8 cm?,
corresponds to the selected valueAgH®(HCI,g).

2.2.2. Heat Capacity and Entropy

CARS spectrum?® and the electronic transitiofi;>’
B 13 T—X 13", The vibration—rotation spectrum of HCI was
investigated also in low-temperature matrié&=® The po-
tential energy curve for the ground state derived from experi-
mental data was studied in numerous other watRE 2

The adopted constants were selected from the following
works. The constants far<3 were obtained by Le Blanc
et al,** who included pure rotational data by Rinsland
et al*%in their treatmentGy(v) for 4<v=<17 were derived
by Coxon and Roychowdhut{ from the analysis of the
B3 *—X13™ transition (=<v<17) and for &<v <7 were
recalculated from data by Coxon and Ogil#feThe rota-
tional constants for #v<17 were also taken from Coxon
and Roychowdhury! The rotational constants for<dv <6
were taken from work by Claytoet al3° The rotational con-

These are calculated by direct summation over thestants forv=1, obtained by De Natalet al*® and for v
vibration—rotation levels of the ground electronic state. The=7 by Reddy® agree well with those adopted héfe®®

information on the vibration—rotation levels of HCI in the
groundX 13 * state was obtained from the rotational analy-
ses of vibration—rotation bands?*® microwave spectr&—>*

The selected experimental data fot?8l were included in
the procedure described in Gurviehal X%’ (pp. 24—32. The
fitting procedure provided the convergence of the vibrational
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levels to the dissociation limit and extrapolationFf to the “H. Wartenberg and K. Hanisch, Z. Phys. Chem61, 413(1932.

limiting curve of dissociation: ®J. R. Lacher, A. Kianpur, F. Oetting, and J. D. Park, Trans. Faraday Soc.
52, 1500(1956.
A(J)=37240.98-6.720 724 1074Z2—-1.230987 6G. Faita, P. Longhi, and T. Mussini, J. Electrochem. 9dé, 340(1967.
"A. Cerquetti, P. Longhi, and T. Mussini, J. Chem. Eng. D8 458
X10772%249.750313% 10" 1?73 (1968.
8R. C. King and J. T. Armstrong, J. Res. Natl. Bur. Stahd4, 769(1970.
Umac— 19, Jim=81. °E. S. Imes, Astrophys. &0, 251(1919.

. . 0w, F. Colby, Phys. Rew34, 53 (1929.
Simultaneously, constants were recalculated for the “effeciic F meyer and A. A. Levin, Phys. Re84, 44 (1929.

tive isotopic modification.” These are presented above. Thé?G. Herzberg and J. W. T. Spinks, Z. Ph@8, 474 (1934.
procedure gives the last vibrational level of the ground state. A P- Cleaves and C. W. Edwards, Phys. R&. 850 (1935.

_ e TE. Lindholm, Naturwissenshaftev, 470 (1939.
v =19, and the extrapolated position of the levet 18. The 5. Lindholm. Arkiv Mat., Astron., FysB29, 1 (1943,

last Vibrati0n7a! level obgerved in Coxon ) and 165 . Naude and H. Verleger, Proc. Phys. Soc. Londé8, 470(1950.
Roychowdhury’ is v=17, and in Jacques and Barréwis  7I. M. Mills, H. W. Thompson, and R. L. Williams, Proc. R. Soc. London
v=18. A218, 29 (1953.

. . . . 18 . .
The electronic spectrum was investigated in numerous 8'9;'56“5'” and C. Barchewitz, Compt. Rend. Acad. 2¢f 3040

i1 56,57,67-83 ; ; 70
StUdles? 489 According to t_he eXpe”menP‘?I a_nd 19, K. Plyler and E. D. Tidwell, Z. Electrochers4, 717 (1960.
theoretical*~®data, the electronic states correlating with the2°H. M. Mould, W. C. Price, and G. P. Wilkinson, Spectrochim. At€479
ground state limit are repulsive. The stable excited states lie (1960.

_ . 21 : .
above 75000 cmt and are not taken into account for the D. H. Rank, W. B. Birtley, D. P. Eastman, B. S. Rao, and T. A. Wiggins, J.
lculati f the th d ic f ti Th Opt. Soc. Am.50, 1275(1960.
calculation o e thermoadynamic tunctions. ere are Nuzp Rank, J. Opt. Soc. AnG0, 657 (1960.

merous theoretical studi®s*®on the ground and Rydberg 2p. H, Rank, D. P. Eastman, B. S. Rao, and T. A. Wiggins, Spectrochim.
states of HCl(see Table 2 24Acta 17, 1124(1961). o
The thermodynamic functions of HQty) were calculated D. H. Rank, D. P. Eastman, B. S. Rao, and T. A. Wiggins, J. Opt. Soc. Am.

. . . . 107 52, 1(1962.
using the program described in Gurviehal.”* The uncer- ?D. H. Rank, B. S. Rao, and T. A. Wiggins, J. Mol. Spectrog. 122

tainties in the calculated thermodynamic functions for (1965.
<4000 K are determined mainly by the uncertainty of the®*B. S. Rao, Doctoral Dissertation, Pennsylvania State University, 1963,
fundamental constants. With increasing temperature, the ur);72pp; Dissertation Abstracs, 4972 (1969.

Lo . . . Lévy, I. Rossy, C. Joffrin, and N. Van Thanh, J. Chim. Phys. Phys.-
certainties increase because of the absence of experlmenta@him. Biol. 62, 600 (1965.

data for energy of the vibrational—rotationgl levels With 28 | evy, 1. Rossy, and C. Haeusler, J. Phg3, 526 (1966.
>39 and because of the use of an approximate method fGfD. U. Webb and K. N. Rao, Appl. Op§, 1461(1966.
calculating the limiting curve of dissociation. The uncertain-ziT- F. Deutsch, IEEE J. Quantum Electr@).419 (1967).

: : : D. U. Webb and K. N. Rao, J. Mol. Spectro&8, 121 (1968.
ties in the values oB%(T) are estimated to be 0.005, 0.01, 32A. A. Aleksandroy, D. I. Kataev, M. R. Aliev, and V. T. Aleksanyan, Opt.

0.02, and 0.15-K™*-mol~* at 298.15, 1000, 3000, and 6000  spekirosk27, 688 (1969.
K, respectively. 33A. A. Aleksandrov and D. I. Kataev, Opt. Spektro§ig, 1079(1972.

The thermodynamic functions of H@) were calculated *'G. Guelachvili, Opt. Commurt9, 150(1976.
earlier for low temperature]é’s‘ll"'*lzs and for higher %5R. G. Bray, W. Henke, S. K. Liu, K. V. Reddy, and M. J. Berry, Chem.

: Phys. Lett47, 213 (1977).
temperatured?”-115-125p to 5000 K—6000 K. Despite the e, v, R:ddy’ ) MO(L szctrosm 127 (1980.

use of different methods and some differences in the funda&G. Guelachvili, P. Niay, and P. Bernage, J. Mol. Spectr85c271(1981).

mental and molecular constants, the discrepancies betweél. A. Coxon and J. F. Ogilvie, J. Chem. Soc. Faraday Trars, 2345

the results of these calculations and present calculation arg1982- . . .
C. M. Clayton, D. W. Merdes, J. Pliva, T. K. McCubbin, and R. H. Tip-

small_. The bfos7t a_\greement_occurs wlth the cglculanon of ping, J. Mol. Spectros@8, 168 (1983.
Gurvichet al,™" with small discrepancies occurring at tem- ¢, p, Rinsland, M. A. H. Smith, A. Goldman, V. M. Devi, and D. C.
peratures above 3000 K due to a more correct account ofBenner, J. Mol. Spectros@59, 274 (1993.

. . . . 41 B
vibrational levels and constan®, which lead to different 2-9‘2-4;9 Blanc, J. B. White, and P. F. Bernath, J. Mol. Spectrd8d, 574
valuesv nax- The discrepancies with the NIST-JANAF Ther- 5 Wahg J. Kag, and T. Wang, Spectrosc. L28.839 (1995.

mochemical Table&?which start at temperature 1000 K and “a. v. Burenin and M. Yu. Ryabkin, Proc. SPIED9Q 83 (1997).
consist of 0.01, 0.25, 0.7 ilﬁ:g(T) and 0.001, 0.09, 0.5 “M. Czerny, Z. Phys44, 235(1927.

J-K~L-mol"tin SX(T) at temperatures 1000, 3000, 6000 K, T K- McCubbin, J. Chem. Phy0, 668 (1952.
. . °R. L. Hansler and R. A. Oetjen, J. Chem. Ph¥%, 1340(1953.

respectlvely..These d|fferences are due to the fact that a dirg’ £ jones and W. Gordy, Phys. Revi®5, 295 (1964).
rect summation technique was not usét. %G, E. Jones and W. Gordy, Phys. R&@6, 1229 (1964).
4SF, C. De Lucia, P. Helminger, and W. Gordy, Phys. Re®,A849(1971).
%0p. Hansen, J. Strong, M. Vanpee, and P. Vidaud, Infrared PI/s327

(1973.
5IF. J. Lovas and E. Tiemann, J. Phys. Chem. Ref. Ba&09 (1974.
LCODATA Key Values for Thermodynamics. Final Report of the CODATA®I. G. Nolt, J. V. Radostitz, G. DeLonanrdo, K. M. Evenson, D. A. Jen-
Task Group on Key Values for Thermodynamadited by J. D. Cox, D. nings, K. R. Leopold, M. D. Vanek, L. R. Zink, A. Hinz, and K. Y.
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2.3. Hydrogen Bromide

Hydrogen bromidgHBr) Ideal gas M,=80.91194
A{H°(0 K)=—28.450+0.16 kI mol !
$°(298.15 K)=198.699- 0.005 JK . mol ! A¢H%(298.15 K)= —36.29+0.16 kI mol ™!

Molecular constants
Symmetry numbero=1

Ground electronic state¢ 3 * Energy:ex=0cm™? Quantum weightgy=1
Vibrational and rotational levelem™?)

E=G,—Go+F

G,=2649.30Y —45.421 6>+ 6.288 3844 10 2Y3—4.777 815< 10 3Y*—6.296 39 10~ 4Y®
+6.93923810 °Y®—-1.082333% 10 °Y”’

F,=B,Z—D,Z?+H,Z3—L,Z*+(L,Z%%(H,Z3-L,Z%
B,=8.465609-0.233 32(Y + 7.866 40X 10 4Y2—7.395 76 10 °Y3—5.696 09< 10~ 6Y*
D,=3.461416<10 *—4.387 49010 °Y+4.716 763 10 "Y?
H,=8.02449X% 10 °-6.59472 10 %
L,=5.02360% 10 * where Z=J(J+1), Y=0v+1/2
ro=1.4144330.000 001 A

2.3.1. Enthalpy of Formation The fitting procedurgGurvich et al® pp. 24—32 pro-
vided the convergence of vibrational levels to its dissociation

The enthalpy of formation of hydrogen bromide, HBr, was |imit and extrapolatiorF,, to the limiting curve of dissocia-
recommended by CODATA-ICSUand is based on the re- gn:

sults of calorimetric measurements of the enthalpy of solu-

tion of HBr(g) in water (A,H=—85.12+0.06 kJ mol~*) by A(J)=31615.555.993 53 10 “Z—1.031 549
Vanderzee and NuttéRoth and Bertrani* and Thompsen. oy o

The dissociation energy X10772°+7.54021& 10 +Z

Do(HBr) =30295-17 cni't Umax=19,  Jim=83.

Simultaneously, the program corrected the constants to the
corresponds to the accepted enthalpy of formation. The bongverage isotopic species. These are presented above.
energy derived by Smith and Adafrisom the study of the  The electronic spectrum was investigated in numerous
reaction HBr-e=Br~ +H agrees with the thermochemical gy ,giegt2-60 According to the experiment&*’ and
data. theoreticai'~%*data, the electronic states correlating with the

ground state limit are repulsive. The stable excited states lie

above 66 000 cm' and are not taken into account for the
2.3.2. Heat Capacity and Entropy calculation of thermodynamic functions. Theoretical
studie§®~%92° deal with the potential energy curve and
These are calculated by direct summation over theBorn—Oppenheimer breakdown effects in the ground state of
vibration—rotation levels of the ground electronic state. Thehydrogen bromide.
information on the groun '3 " state levels was derived  Numerous calculations of the ground state propeftiés
from the rotational analyses of vibration—rotation bdnds have been performed using different methods and are
and pure rotation spectra: ¢ Vibration—rotation spectra of in good agreement with available experimental détee
HBr were studied also in low temperature matricé€ ! The  Table 3.
data forv=<2, obtained by Braun and Bernaththe data for The thermodynamic functions of HEg) were calculated
v=3, 5, 6, obtained by Nishimiyat al,*° and the constants using a program described by Gurviehal # The uncertain-
for levelsv =4 and 7 calculated from the constants given byties in the calculated thermodynamic functions for
Bernage and Nig&y were used in the fit. <3000 K are determined mainly by the uncertainty of the
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fundamental constants. With increasing temperature, the URZG. Guelachviliet al, J. Mol. Spectroscl77, 164 (1996.
certainties increase because of the absence of experimenfG- Guelachviliet al, Spectrochim. Acta. Part B2A, 717 (1996.

. . _ . . . Guelachviliet al, Pure Appl. Chem68, 193(1996.
data for the energy of the vibrational rotat|.onal levels withs, Nishimiya, T. Yukiya, T. Ohtsuka, and M. Suzuki, J. Mol. Spectrosc.
v>7 and because of the use of an approximate method for g, 309(1997.

calculating the limiting curve of dissociation. The uncertain-3M. Czerny, Z. Phys44, 235(1927).
ties in the values o8%(T) are estimated to be 0.005, 0.02, iZR- I. Hansler and R. A. Oetjen, J. Chem. Phgs, 1340(1953.

-1, -1 3G. E. Jones and W. Gordy, Phys. R&86A, 1229(1964.
0.2, and 0.3 K" "-mol - at 298.15, 1000, 3000, and 6000 34F. A. Van Dijk and A. Dymanus, Chem. Phys. Let{.170(1969.

K, respectively. _ _ 35F. C. De Lucia, P. Helminger, and W. Gordy, Phys. R&®, 1849(1971).
The thermodynamic functions of HEg) were calculated *°F. J. Lovas and E. Tiemann, J. Phys. Chem. Ref. Bag09 (1974.
earlier for the temperature rangeT<1600 K) 85 (T %7G. Di Lonardo, L. Fusina, P. De Natale, M. Inguscio, and M. Prevedelli, J.

= 86 = 84,87-92 _ Mol. Spectrosc148 86 (1991.
. 2000 K),™ and (I'<6000 K). In all these calcula 38A. H. Saleck, T. Klaus, S. P. Belov, and G. Winnewisser, Z. Naturforsch.,
tions, less accurate values of molecular constants were USeq\: phys. sci51, 898(1996.

than in this work. In these examples the calculations weré°p. E. Mann, L. J. Schoen, Ch. Knobler, and D. White, Proceedings Inter-
performed by the method of Gordon and Bafi€2®and national Symposium on Molecular Structure Spectroscopy, Tokyo, 1962,

_ A209, 3 pp.
by the method of Meyer anq Goepgfrt MeregfL was used. 40M. T. Bowers and W. H. Flygare, J. Chem. Phyid, 1389(1966.
Feber and Hel’rﬁé3 and Gurvichet al®* calculated the ther- 4p, E. Mann, N. Acquista, and D. White, J. Chem. P44 3453(1966.

modynamic functions by direct summation over the energy?J. R. Bates, J. O. Halford, and L. C. Anderson, J. Chem. Py§31
levels. Despite the difference in the methods of calculatioq3(1935-

and in the values of the constants, the results of all calcula- C'QE'S)GOOde"e and A. W. C. Taylor, Proc. R. Soc. Londor 5 221
tions differ very little from the present c_alculation. T_he bestéw, ¢ price, Proc. R. Soc. London 267, 216 (1938.
agreement with present work occurs with the functions cal#°s. Datta and B. Chakravarty, Proc. Inst. S&i297 (1941.
culated by Feber and Herffkand Gurvichet al® 46J. Romand and B. Vodar, Compt. Rend. Acad. 826, 890 (1948.

. A . . 473. Romand, Ann. Phygl, 527 (1949.
Discrepancies  with  NIST-JANAF  Thermochemical “8R. F. Barrow and J. G. Stamper, Proc. R. Soc. Lond@63 259 (1961).

Table$* in CJ(T), SUT), —(G°~H(T,))/T reach at 6000 R . Barrow and J. G. Stamper, Proc. R. Soc. Lond@68 277(1963.

K, 0.08, 0.5, and 0.184-B~1-mol ™%, respectively. 503, G. Stamper and R. F. Barrow, J. Phys. Ch68.250 (1961).

51J. G. Stamper, Spectrochim. Act&, 1109 (1961).

52M. L. Ginter and S. G. Tilford, J. Mol. Spectrosg4, 206 (1970.

53M. L. Ginter and S. G. Tilford, J. Mol. Spectros87, 159 (1971).

%M. A. Baig, J. Hormes, J. P. Connerade, and W. R. S. Garton, J. Phys. B
1CODATA Key Values for Thermodynamics, Final Report of the CODATA 141, L147 (198)).

Task Group on Key Values for Thermodynamited by J. D. Cox, D.  %°D. S. Ginter, M. L. Ginter, and S. G. Tilford, J. Mol. Spectro86, 152
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2.4. Hydrogen lodide

Hydrogen iodideHI) Ideal gas M,=127.9124
A¢H°(0 K)=28.676+0.10 kJmol !
$°(298.15 K)=206.589-0.005 JK ~*.-mol~* A¢H°(298.15 K)=26.50+0.10 kI mol~*

Molecular constants

Symmetry numbero=1
Ground electronic state¢ '3, " Energy:ex=0cm™* Quantum weightgy=1

Vibrational and rotational levelem 2

E=G,—Go+F

G,=2308.97% —39.611X2—2.7419< 10 2Y3— 1.6870< 10" 2Y*#+3.8732< 10 4Y®
—5.513x 10 °Y®+2.7143x 10 6Y7—1.40325¢ 10 "Y®

F,=B,Z—D,Z?+H,z%-L,Z*+(L,z%%(H,z3-L,z%

B,=6.511628-0.17037X2—2.8469< 10" *Y*—4.0465< 10 °Y3-8.625< 107 °Y*

D,=2.07168<10 *—7.868<10 'Y+1.676x10 'Y2—2.85< 10 8Y3

H,=2.975<10 °—1.87x10 1%

L,=2.14305% 10 1 where Z=J(J+1),Y=v+1/2

re=1.609083-0.000004 A.

2.4.1. Enthalpy of Formation formation of Hg) agrees with the values of enthalpy of
formation of the T ion in the state of standard aqueous so-
Enthalpy of formation of hydrogen iodide, HI, was recom- lution

mended by CODATA-ICSUand is based on the results of
measurements of standard enthalpy of solution digHin
water (—83.283+0.085 kJmol™ 1) by Vanderzee and Geer. AH®(17, sol. H,0, stand. state, 298.15)K
The close but less accurate values of the enthalpy of forma- — —56.78-0.05 kJmol !
tion of HI(g) can be obtained from study of the equilibrium
of 2HI(g)=1,(g)+H,(g) by Taylor and Cristé,a determi-
nation of the degree of decomposition of(glby Rittenberg  found in the calorimetric investigations by John$cand
and Urie? a photocalorimetric study of the equilibrium of the adopted by CODATA-ICSU.
decomposition of Hig) by Bright and Hagerty,the theoret- The dissociation energf o(HI) =24 620+10 cm *, cor-
ical calculations of Murphy/and calorimetric determination responds to the accepted enthalpy of formation. The results
of the enthalpy of the reaction 2HI(¢)Cl,=2HCI(g)  of studies of reaction Hte=1"+H by Smith and Adants
+1,(g) by Ginther and Weku&.The accepted enthalpy of agree with thermochemical data.
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24.2. Heat Capacity and Entropy cially C3(T) are significantly greater and reach @f(T)

2.12 JK 1mol™? K for the fifth y!
These are calculated by direct summation over the J mol = at 6000 K for the fifth study

vibration—rotation levels of the electronic ground state.
The molecular constants of HI in the grouXd> * state 2.4.3. References
were obtained from the rotational analyses of vibration—
rotation band¥-?and microwave spectfd **The adopted ~ CODATA Key Values for Thermodynamics. Final Report of the CODATA
constants are results of our fit of the best datafsr7 were Task Group on Key Values for Thermodynamedited by J. D. Cox, D.

; g 23 26 D. Wagman, and V. A. MedvedeiHemisphere, Washington, 1988
given by Guelashvilet al: _and by Katayamat al: _Where 2C. E. Vanderzee and L. J. Gier, J. Chem. Thermodyml41 (1974,
parameters fov =0 were fixed at the values derived from 3a H. Taylor and R. H. Criste, J. Am. Chem. S&S, 1377 (1941.

microwave study by De Luciat al>? 4D. Rittenberg and H. C. Urey, J. Chem. Phgs106 (1934).
The fitting procedurgGurvich et a|.’35 pp. 24-32 pro- 5N. F. H. Bright and R. P. Hagerty, Trans. Faraday. St8;.697 (1947).

- . . . ._ 5G. M. Murphy, J. Chem. Physl, 344(1936.
vided the convergence of vibrational levels to the dissocia-75" ininer and K. Wekua, Z. Phys. Chem 144, 193 (1931,

tion limit and extrapolation of, to the limiting curve of  8G. K. Johnson, Proceedings IV International Conference on Chemical
dissociation: Thermodynamics, Monpellier, France, 1975, Vol. 1, p. 23.
°D. Smith and N. G. Adams, J. Phys. B: Atom. Mol. Phg8, 4903(1987.
10A. H. Nielsen and H. H. Nielsen, Phys. Re\7, 585 (1935.
1D, E. Kirkpatrick, Phys. Rew9, 104 (1936.
125 M. Naude and H. Verleger, Proc. Phys. Soc. London, S&3,A470
(1950.
D, R. J. Boyd and H. W. Thompson, Spectrochim A6t&808 (1952).
14 .
Uma=17,  Jjim= 86. 15C. Haeusler, N. van Thanh, and P Barchewitz, J. PP4s289 (1963.
P. Arcas, C. Haeusler, C. Joffin, C. Meyer, N. van Thanh, and P.
. . . . Barchewitz, Appl. Opt2, 909 (1963.
The electronic spectrum was investigated in NUMEroussc. Haeusler, C. Meyer, and P. Barchewitz, J. P 961 (1964.
studies’®~%® According to the experimenti3®4? and  *’C. Haeusler and C. Meyer, Compt. Rend. Acad. S6B, 1067 (1964.

theoretical’°data, the electronic states correlating with theigg- g x\’elbb'szs‘:A”-A'Tbs“Bga 1}?8’\2‘(1{967)“ Dreska. and L A Puah. 3
ground state limit are repulsive. The stable excited states lie ., 'Spirc?rcos’cs'7 3;736(”1(39;“ -1 Rao, . Dreska, and & A Fugn.
above 50000 cm' and are not taken into account for the 2op, Bernage, P. Niay, and R. Houdart, Compt. Rend. Acad.Bx18 235
calculation of the thermodynamic functions. ,, 1974

Vibration—rotation spectra of HI were also studied in low g-zg‘z‘%’?;- Bernage, C. Coquant, and H. Bocquet, J. Mol. Spectasc.

. _56 .

temperatu_re matrlc_esé' o1 ) ) 22p_ Niay, P. Bernage, C. Coquant, and A. Fayt, J. Mol. Spectit%cl68

Theoretical studiéé=%! deal with the potential energy (1978,
curve and Born—Oppenheimer breakdown effects in thé®G. Guelachvili, P. Niay, and P. Bernage, J. Mol. SpectrB§c253(1981.

P 24, L. Strow, Diss. Abstr. Int. B3, 2249(1983.
ground state of hydro_gen_lgdlde. . F Matsushima, S. Kakihata, and K. Takag, J. Chem. PBys.2408
Numerous calculatioi$"* of the ground state properties (1991,

have been performed using different methods. S6hiéare 26T, katayama, F. Matsushima, and H. Sasada, J. Mol. Spectt63c236
in good agreement with available experimental data. 27(1994)-
The thermodynamic functions of Hig) were calculated ;M S8, Z Physa4, 235 (1929
: : : . 35 ! E. D. Palik, J. Chem. Phy®3, 217 (1955.
using a program described in Gurviehal*> The uncertain- 29 3  cowan and W. Gordy, Phys. Ret04, 551 (1956.
ties in the calculated thermodynamic functions f@r M. J. Cowan, Dissert. Abstr0, 4139(1960.
<3000 K are determined mainly by the uncertainty of the; F- Van Dijk and A. Dymanus, Chem. Phys. Lelt.235(1968.

b . F. C. De Lucia, P. Helminger, and W. Gordy, Phys. Re®,A849(1971).
funda_lm_entql constants. With increasing temperature, the URs- 5" ovas and E. Tiemann, J. Phys. Chem. Ref. BaB09 (1974,
certainties increase because of the absence of experimentak. v. chance, T. D. Varberg, K. Park, and L. R. Zink, J. Mol. Spectrosc.

data for the energy of the vibrational—rotational levels with 162 120(1993.
v>7 and because of the use of an approximate method forL- V. Gurvichet al, Thermodynamic Properties of Individual Substances
calculating the limiting curve of dissociation. The uncertain-363\t,hgdé:§em'§f:f r‘;’ Vgﬁih'fg;%r;’nlgsﬁg/fg#'zm(1938
ties in the values o8°(T) are estimated to be 0.005, 0.02, 37s. patta and D. N. Kundu, Proc. Nat. Inst. Sci. Ind@i311 (1941).
0.2, and 0.3 X *mol ! at 298.15, 1000, 3000, and 6000 zg\]. Romand and B. Vodar, Compt. Rend. Acad. 826, 890 (1948.
K, respectively(see Table % 40% Rc);on'qr?}Podr’dAR/In'fhéi’tesrzgnlc? 4AG)'M Bass, J. Mol. Spectrogd, 327

The thermodynamic functions of k) have been calcu- (1970. P
lated earlief>~833>%|n all these calculations, less accurate *g. p. Tsai and T. Baer, J. Chem. Phgd, 2047 (1974).
values of molecular constants were used than in this workj.zR. D. Clear, S. J. Riley, and K. R. Wilson, J. Chem. PI§.1340(1975.
These calculations were performed by the direct summation x.g;semter, S. G. Tilford, and A. M. Bass, J. Mol. Spectro$g, 271

, 78,79 .
over th7<~:;3 energy levef§;"®"°by the method of Gordon and 4 g Eng and R. T. Ku, Spectrosc. Let6, 803 (1982.
Barnes,> and by the method of Meyer and “s.A. wright and J. D. McDonald, J. Chem. Phy€1, 238 (1994.
Goeppert-Meyef’ Discrepancies with the calculations of 138; Praﬁ Ifmd MH L. Ginter, J3 %?eg;?)l’hmz 1882(1995.
:49,78,76,35 -1 -1 R. S. Mulliken, Phys. Rew1, 310(1 .

four of these studié$ ) 0do not gxceed 0.2 *-mol #R.S. Mulliken. Phys. Rev1, 277 (1942,
in the values of— (_G __H _(Tr))/T in the whole range of p A Chapman, K. Balasubramanian, and S. H. Lin, Chem. Phys. Lett.
temperatures. Deviations in the values ¥ T) and espe- 118, 192(1985.

A(J)=25768.81+5.397 226< 10 *Z—8.808 481
X 107 8Z%+5.879 664 10 1273
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613. A. Coxon and P. G. Hajigeorgiou, J. Mol. Spectrdss0, 1 (1991).
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(1979. ’ P 3. Conclusions

63p, Scharfenberg, Theor. Chim. Actd, 115(1978.
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ooF- Scharfenberg, Chem. Phys. L&, 304 (1979. The structural, spectroscopic, and thermodynamic proper-
H.-J. Werner, E.-A. Reinsch, and P. Rosmus, Chem. Phys. T&t311

(1981. ties of four hydrogen halide ideal gases have been critically
667. Barandiaran and L. Seijo, J. Chem. Phg4, 1941 (1986. reviewed. The thermal functions have been calculated using
87p. Schwerdtfeger, L. V. SzentgaH. Stoll, and H. Preuss, J. Chem. Phys. a direct summation over the vibrational-rotational states with

87, 510(1987). . - - .
summation cutoff at the dissociation energy. As extensive
68, Konarski, Acta Phys. Pol. 74, 236 (1989. 9y

695 Dai and Z. Ma, Huaxue Xueba®, 315 (1990). experimental data exists for the description of the
°S.Y. Lee and Y. S. Lee, Chem. Phys. Lét&7, 302(1991). vibrational—rotational energy levelgnd in the vicinity of
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74M. Dolg, Mol. Phys.88, 1645(1996. The thermodynamic values are summarized in the follow-
L. V. Gurvich et al, Thermodynamic Properties of the Components of ing table:

Diatomic halide $°(298.15 K) A¢H°(298.15 K) Do(HX) A,H°(0 K)
HX (g) JK tmol?t kJ-mol ™! cm ! kJ-mol ™!
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HCI (g) 186.901-0.005 —92.31+0.10 357598 427.781
HBr (g) 198.699-0.005 —36.29+0.16 3029517 362.402
HI (g) 206.589- 0.005 26.5@:0.10 2462@-10 254.523
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TaBLE 1. Ideal gas thermochemical properties of hydrogen fluoridégHt standard state pressupg=0.1 MPa (T, =298.15 K

T cg s — (GO—HT))IT HO—HO(T,) AgHO A(G®
(K) (J-K™t-mol™} (J-K™t-mol™} (J-K t-mol™} (kJ-mol™) (kJ-mol™) (kJ-mol™) log K¢
0 0.000 0.000 o0 —8.599 —273.253 —273.253 o0

25 29.901 101.286 419.957 —7.967 —273.249 —273.466 571.362
50 29.227 121.741 266.342 —7.230 —273.292 —273.684 285.908
75 29.150 133.573 220.247 —6.501 —273.369 —273.859 190.728
100 29.133 141.956 199.677 —5.772 —273.379 —274.020 143.130
150 29.126 153.767 182.538 —-4.316 —273.325 —274.351 95.535
180 29.127 159.077 178.199 —3.442 —273.292 —274.559 79.673
190 29.128 160.652 177.234 -3.151 —273.284 —274.629 75.499
200 29.128 162.146 176.443 —2.859 —273.278 —274.700 71.743
210 29.129 163.567 175.796 —2.568 —273.273 —274.772 68.344
220 29.130 164.922 175.271 —2.277 —273.270 —274.843 65.254
230 29.131 166.217 174.850 —1.985 —273.268 —274.914 62.433
240 29.132 167.457 174.516 —1.694 —273.269 —274.986 59.848
250 29.132 168.646 174.257 —1.403 —273.270 —275.057 57.469
260 29.133 169.789 174.064 -1.111 —273.274 —275.129 55.273
270 29.134 170.888 173.926 —0.820 —273.279 —275.200 53.239
280 29.135 171.948 173.836 —-0.529 —273.285 —275.271 51.351
290 29.136 172.970 173.789 —0.237 —273.292 —275.342 49.593
298.15 29.137 173.778 173.778 0.000 —273.300 —275.400 48.248
300 29.138 173.958 173.778 0.054 —273.302 —275.413 47.952
350 29.143 178.450 174.133 1.511 —273.364 —275.760 41.154
400 29.150 182.342 174.921 2.968 —273.450 —276.097 36.054
450 29.159 185.776 175.940 4.426 —273.556 —276.421 32.085
500 29.173 188.849 177.080 5.884 —273.679 —276.733 28.909
600 29.230 194.172 179.499 8.804 —273.960 —277.319 24.142
700 29.351 198.686 181.925 11.732 —274.276 —277.854 20.733
800 29.550 202.617 184.271 14.677 —274.613 —278.343 18.173
900 29.827 206.113 186.507 17.645 —274.959 —278.789 16.180
1000 30.169 209.273 188.628 20.644 —275.307 —279.195 14.583
1100 30.558 212.166 190.638 23.680 —275.650 —279.567 13.275
1200 30.975 214.843 192.545 26.757 —275.985 —279.909 12.184
1300 31.403 217.339 194.358 29.876 —276.312 —280.223 11.259
1400 31.831 219.682 196.084 33.037 —276.627 —280.511 10.466
1500 32.249 221.892 197.731 36.242 —276.932 —280.778 9.777
1600 32.653 223.986 199.307 39.487 —277.227 —281.025 9.174
1700 33.038 225.978 200.818 42.771 —277.512 —281.254 8.642
1800 33.402 227.876 202.269 46.094 —277.787 —281.466 8.168
1900 33.746 229.692 203.665 49.451 —278.051 —281.663 7.743
2000 34.069 231.431 205.010 52.842 —278.306 —281.846 7.361
2100 34.371 233.101 206.308 56.264 —278.550 —282.018 7.015
2200 34.655 234.706 207.563 59.716 —278.783 —282.177 6.700
2300 34.921 236.253 208.777 63.195 —279.003 —282.326 6.412
2400 35.170 237.744 209.953 66.699 —279.211 —282.466 6.148
2500 35.404 239.185 211.093 70.228 —279.404 —282.597 5.904
2600 35.625 240.577 212.201 73.780 —279.583 —282.721 5.680
2700 35.832 241.926 213.277 77.353 —279.745 —282.839 5.472
2800 36.028 243.233 214.323 80.946 —279.891 —282.950 5.278
2900 36.214 244.500 215.342 84.558 —280.018 —283.058 5.098
3000 36.390 245.731 216.335 88.188 —280.127 —283.161 4.930
3100 36.558 246.927 217.303 91.836 —280.217 —283.261 4.773
3200 36.717 248.090 218.247 95.500 —280.287 —283.358 4.625
3300 36.870 249.222 219.168 99.179 —280.337 —283.452 4.487
3400 37.017 250.325 220.068 102.873 —280.367 —283.547 4.356
3500 37.158 251.400 220.948 106.582 —280.377 —283.640 4.233
3600 37.293 252.449 221.809 110.305 —280.366 —283.733 4117
3700 37.424 253.473 222.651 114.041 —280.334 —283.826 4.007
3800 37.551 254.472 223.475 117.790 —280.283 —283.923 3.903
3900 37.675 255.449 224.282 121.551 —280.211 —284.017 3.804
4000 37.795 256.405 225.074 125.325 —280.120 —284.117 3.710
4100 37.912 257.339 225.849 129.110 —280.009 —284.218 3.621
4200 38.027 258.254 226.610 132.907 —279.879 —284.322 3.536
4300 38.139 259.151 227.356 136.715 —279.731 —284.431 3.455
4400 38.249 260.029 228.089 140.535 —279.563 —284.542 3.378
4500 38.357 260.889 228.808 144.365 —279.377 —284.655 3.304
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TaBLE 1. Ideal gas thermochemical properties of hydrogen fluoridégHi@t standard state pressup@=0.1 MPa (T, =298.15 K—Continued

T cg S — (GO—HT))IT HO—HO(T,) AfHO A(G®
(K) (J-K™t-mol™} (J-K™t-mol™} (J-K™t-mol™} (kJ-mol™Y) (kJ-mol™?) (kJ-mol™) log K¢
4600 38.463 261.734 229.515 148.206 —279.174 —284.777 3.234
4700 38.568 262.562 230.209 152.058 —278.953 —284.901 3.166
4800 38.671 263.375 230.892 155.920 —278.715 —285.030 3.102
4900 38.773 264.173 231.563 159.792 —278.460 —285.165 3.040
5000 38.873 264.958 232.223 163.674 —278.188 —285.302 2.980
5100 38.972 265.728 232.872 167.567 —277.901 —285.449 2.924
5200 39.070 266.486 233.511 171.469 —277.596 —285.598 2.869
5300 39.166 267.231 234.141 175.381 —277.276 —285.758 2.816
5400 39.261 267.964 234.760 179.302 —276.940 —285.917 2.766
5500 39.354 268.686 235.371 183.233 —276.588 —286.087 2.717
5600 39.445 269.396 235.972 187.173 —276.222 —286.263 2.670
5700 39.535 270.095 236.564 191.122 —275.839 —286.447 2.625
5800 39.623 270.783 237.148 195.080 —275.441 —286.638 2.581
5900 39.709 271.461 237.724 199.047 —275.028 —286.834 2.539
6000 39.793 272.129 238.292 203.022 —274.601 —287.039 2.499
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TaBLE 2. Ideal gas thermochemical properties for hydrogen chloride(diCit standard state pressup®=0.1 MPa (T, =298.15 K

T o s —(GO—HAT))IT HO—HO(T,) AgHO A(G®
(K) (J-K™t-mol™} (J-K t-mol™} (J-K™1-mol™} (kJ-mol™?) (kJ-mol™) (kJ-mol™%) log K¢
0 0.000 0.000 00 —8.640 —92.125 —92.125 o0

25 29.230 114.689 432.926 —7.956 —92.072 —92.391 193.036
50 29.128 134.903 279.443 —-7.227 —92.122 —92.706 96.847
75 29.118 146.710 233.363 —6.499 —92.201 —92.978 64.754
100 29.116 155.087 212.797 —5.771 —92.212 —93.234 48.699
150 29.119 166.893 195.661 —-4.315 —92.173 —93.753 32.647
180 29.122 172.202 191.322 —3.442 —-92.162 —94.071 27.298
190 29.123 173.777 190.357 —3.150 —92.163 —94.176 25.890
200 29.124 175.271 189.566 —2.859 —92.166 —94.282 24.623
210 29.125 176.692 188.919 —2.568 —92.172 —94.388 23.477
220 29.126 178.047 188.395 —2.277 —92.180 —94.493 22.435
230 29.127 179.341 187.973 —1.985 —92.190 —94.598 21.483
240 29.128 180.581 187.639 —-1.694 —92.203 —94.703 20.611
250 29.129 181.770 187.381 —1.403 —-92.217 —94.807 19.808
260 29.131 182.913 187.187 —-1.111 —92.234 —94.910 19.067
270 29.132 184.012 187.050 —0.820 —92.252 —95.012 18.381
280 29.133 185.072 186.960 —-0.529 —-92.271 —-95.114 17.743
290 29.135 186.094 186.913 —0.238 —92.292 —95.216 17.150
298.15 29.136 186.901 186.901 0.000 —-92.310 —95.297 16.695
300 29.136 187.081 186.902 0.054 —92.314 —95.316 16.596
350 29.149 191.574 187.257 1.511 —92.441 —95.807 14.298
400 29.175 195.468 188.045 2.969 —92.587 —96.278 12.572
450 29.224 198.906 189.065 4.429 —92.746 —96.730 11.228
500 29.304 201.989 190.206 5.892 —92.911 —97.163 10.150
600 29.576 207.354 192.629 8.835 —93.249 —97.983 8.530
700 29.987 211.942 195.068 11.812 —93.577 —98.746 7.368
800 30.499 215.979 197.435 14.835 —93.880 —99.464 6.494
900 31.062 219.603 199.700 17.913 —94.149 —100.145 5.812
1000 31.638 222.906 201.858 21.048 —94.384 —100.799 5.265
1100 32.200 225.948 203.911 24.240 —94.587 —101.430 4.816
1200 32.732 228.773 205.867 27.487 —94.760 —102.044 4.442
1300 33.227 231.413 207.731 30.785 —94.908 —102.645 4,124
1400 33.682 233.892 209.512 34.131 —95.035 —103.235 3.852
1500 34.097 236.230 211.216 37.521 —95.146 —103.817 3.615
1600 34.476 238.443 212.849 40.950 —95.242 —104.392 3.408
1700 34.820 240.544 214.417 44.415 —95.328 —104.962 3.225
1800 35.135 242.543 215.925 47.913 —95.406 —105.526 3.062
1900 35.421 244.450 217.376 51.441 —95.477 —106.085 2.916
2000 35.684 246.274 218.776 54.996 —95.546 —106.642 2.785
2100 35.926 248.021 220.127 58.577 —95.612 —107.195 2.666
2200 36.149 249.697 221.433 62.181 —95.678 —107.745 2.558
2300 36.356 251.309 222.698 65.806 —95.746 —108.293 2.459
2400 36.548 252.860 223.922 69.451 —95.815 —108.837 2.369
2500 36.729 254.356 225.110 73.115 —95.888 —109.377 2.285
2600 36.898 255.800 226.263 76.797 —95.967 —109.915 2.208
2700 37.058 257.195 227.382 80.495 —96.051 —110.451 2.137
2800 37.210 258.546 228.472 84.208 —-96.141 —110.981 2.070
2900 37.355 259.854 229.531 87.937 —96.239 —111.509 2.008
3000 37.494 261.123 230.563 91.679 —96.344 —112.035 1.951
3100 37.627 262.354 231.569 95.435 —96.456 —112.556 1.897
3200 37.756 263.551 232.550 99.204 —96.576 —113.074 1.846
3300 37.881 264.715 233.507 102.986 —-96.703 —113.587 1.798
3400 38.002 265.848 234.442 106.780 —96.837 —114.097 1.753
3500 38.120 266.951 235.355 110.587 —-96.975 —114.603 1.710
3600 38.236 268.026 236.247 114.404 —97.120 —115.105 1.670
3700 38.348 269.076 237.121 118.234 —97.267 —115.601 1.632
3800 38.459 270.100 237.975 122.074 —97.419 —116.097 1.596
3900 38.567 271.100 238.812 125.925 —97.572 —116.585 1.561
4000 38.672 272.078 239.631 129.787 —-97.726 —117.069 1.529
4100 38.776 273.034 240.434 133.660 —97.879 —117.551 1.498
4200 38.877 273.970 241.222 137.543 —98.030 —118.030 1.468
4300 38.975 274.886 241.994 141.435 —98.180 —118.507 1.440
4400 39.070 275.783 242.752 145.337 —98.325 —118.977 1.412
4500 39.163 276.662 243.495 149.249 —98.464 —119.443 1.386
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TaBLE 2. Ideal gas thermochemical properties for hydrogen chloride(d)Cit standard state pressup®=0.1 MPa (T, =298.15 K—Continued

T o s — (GO—HT))IT HO—HO(T,) AgHO A(G®
(K) (J-K L-mol™} (J-K™t-mol™} (J-K™t-mol™} (kJ-mol™) (kJ-mol™) (kJ-mol™?) log K¢
4600 39.252 277.524 244.226 153.170 —98.598 —119.908 1.362
4700 39.338 278.369 244.943 157.099 —98.726 —120.370 1.338
4800 39.419 279.198 245.648 161.037 —98.844 —120.830 1.315
4900 39.497 280.011 246.341 164.983 —98.955 —121.288 1.293
5000 39.570 280.810 247.023 168.936 —99.055 —121.740 1.272
5100 39.638 281.594 247.693 172.897 —99.146 —122.194 1.251
5200 39.701 282.365 248.352 176.864 —99.226 —122.644 1.232
5300 39.758 283.121 249.001 180.837 —99.295 —123.096 1.213
5400 39.810 283.865 249.640 184.815 —99.353 —123.543 1.195
5500 39.856 284.596 250.269 188.799 —99.397 —123.990 1.178
5600 39.896 285.315 250.888 192.786 —-99.431 —124.438 1.161
5700 39.929 286.021 251.499 196.778 —99.452 —124.885 1.144
5800 39.955 286.716 252.100 200.772 —99.461 —125.330 1.129
5900 39.975 287.399 252.692 204.768 —99.458 —125.776 1.114
6000 39.987 288.071 253.276 208.766 —99.442 —126.224 1.099
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TaBLE 3. Ideal gas thermochemical properties for hydrogen bromide(diBat standard state pressupg=0.1 MPa (T,=298.15 K

T o s — (GO—HT))IT HO—HO(T,) AfHO A(G®
(K) (J-K™1-mol™} (J-K™1-mol™} (J-K™t-mol™} (kJ-mol™) (kJ-mol™?) (kJ-mol™) log K?
0 0.000 0.000 o0 —8.648 —28.450 —28.450 0

25 29.171 126.506 444717 —7.955 —28.102 —30.463 63.647
50 29.119 146.703 291.241 —7.227 —28.127 —32.845 34.312
75 29.114 158.508 245.162 —6.499 —28.301 —35.166 24.491
100 29.115 166.884 224.595 -5.771 —28.469 —37.429 19.550
150 29.119 178.690 207.458 —4.315 —28.850 —41.830 14.566
180 29.122 183.999 203.120 —3.442 —29.136 —44.399 12.884
190 29.123 185.574 202.155 —-3.150 —29.243 —45.244 12.438
200 29.124 187.067 201.364 —2.859 —29.354 —46.085 12.036
210 29.125 188.488 200.717 —2.568 —29.472 —46.917 11.670
220 29.126 189.843 200.192 —-2.277 —29.596 —47.745 11.336
230 29.128 191.138 199.770 —1.985 —29.726 —48.567 11.030
240 29.129 192.378 199.437 -1.694 —29.861 —49.383 10.748
250 29.130 193.567 199.178 —1.403 —30.004 —50.195 10.487
260 29.132 194.709 198.985 -1.112 —30.155 —50.999 10.245
270 29.134 195.809 198.847 —-0.820 —35.632 —51.716 10.005
280 29.136 196.868 198.757 —0.529 —35.869 —52.307 9.758
290 29.138 197.891 198.710 —-0.238 —36.103 —52.890 9.526
298.15 29.141 198.699 198.699 0.000 —36.290 —53.361 9.348
300 29.141 198.879 198.699 0.054 —36.333 —53.466 9.309
350 29.167 203.372 199.054 1.512 —51.925 —55.462 8.277
400 29.220 207.270 199.843 2971 —52.109 —55.955 7.307
450 29.313 210.717 200.863 4.434 —52.297 —56.424 6.549
500 29.453 213.812 202.006 5.903 —52.484 —56.873 5.941
600 29.872 219.217 204.437 8.868 —52.843 —-57.717 5.025
700 30.430 223.862 206.887 11.882 —53.167 —58.503 4.365
800 31.061 227.966 209.270 14.956 —53.446 —59.246 3.868
900 31.708 231.662 211.556 18.095 —53.676 —59.957 3.480
1000 32.333 235.035 213.738 21.297 —53.863 —60.644 3.168
1100 32.916 238.145 215.817 24.560 —54.011 —61.315 2.912
1200 33.451 241.032 217.800 27.879 —54.127 —61.973 2.698
1300 33.934 243.729 219.692 31.249 —54.218 —62.623 2.516
1400 34.370 246.260 221.500 34.664 —54.289 —63.266 2.360
1500 34.761 248.645 223.231 38.121 —54.346 —63.906 2.225
1600 35.113 250.900 224.890 41.615 —54.392 —64.541 2.107
1700 35.431 253.038 226.484 45.143 —54.432 —65.175 2.003
1800 35.719 255.072 228.016 48.700 —54.468 —65.806 1.910
1900 35.981 257.010 229.491 52.285 —54.504 —66.434 1.826
2000 36.221 258.862 230.914 55.896 —54.541 —67.061 1.751
2100 36.442 260.634 232.287 59.529 —54.583 —67.686 1.684
2200 36.646 262.334 233.615 63.184 —54.629 —68.309 1.622
2300 36.836 263.968 234.899 66.858 —54.684 —68.930 1.565
2400 37.015 265.539 236.143 70.550 —54.745 —69.549 1.514
2500 37.183 267.054 237.349 74.260 —54.816 —70.163 1.466
2600 37.342 268.515 238.520 77.987 —54.895 —70.776 1.422
2700 37.494 269.927 239.657 81.729 —54.982 —71.386 1.381
2800 37.640 271.293 240.763 85.485 —55.079 —71.991 1.343
2900 37.780 272.617 241.839 89.257 —55.183 —72.593 1.308
3000 37.916 273.900 242.886 93.041 —55.294 —73.192 1.274
3100 38.047 275.145 243.907 96.840 —55.412 —73.785 1.243
3200 38.174 276.355 244.902 100.651 —55.5635 —74.377 1.214
3300 38.298 277.532 245.873 104.474 —55.662 —74.965 1.187
3400 38.418 278.677 246.821 108.310 —55.791 —75.547 1.161
3500 38.535 279.792 247.747 112.158 —55.922 —76.125 1.136
3600 38.648 280.879 248.653 116.017 —56.053 —76.701 1.113
3700 38.758 281.940 249.538 119.888 —56.183 —77.273 1.091
3800 38.863 282.975 250.404 123.769 —56.312 —77.843 1.070
3900 38.965 283.986 251.252 127.660 —56.437 —78.405 1.050
4000 39.061 284.974 252.083 131.561 —56.559 —78.968 1.031
4100 39.152 285.939 252.897 135.472 —56.677 —79.526 1.013
4200 39.238 286.884 253.695 139.392 —56.789 —80.083 0.996
4300 39.317 287.808 254.478 143.320 —56.896 —80.637 0.980
4400 39.390 288.713 255.246 147.255 —56.998 —81.187 0.964
4500 39.456 289.599 255.999 151.197 —57.093 —81.733 0.949
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TaBLE 3. Ideal gas thermochemical properties for hydrogen bromide(diBat standard state pressupg=0.1 MPa (T, =298.15 K—Continued

T o s — (GO—HT))IT HO—HO(T,) AgHO AG®
(K) (J-K™t-mol™} (J-K™t-mol™} (J-K™tmol™} (kJ-mol™) (kJ-mol™?) (kJ-mol™Y) log K¢
4600 39.515 290.466 256.739 155.146 —57.183 —82.282 0.934
4700 39.566 291.317 257.466 159.100 —57.266 —82.827 0.920
4800 39.609 292.150 258.180 163.059 —57.343 —83.370 0.907
4900 39.644 292.967 258.881 167.021 —57.415 —83.913 0.895
5000 39.669 293.769 259.571 170.987 —57.481 —84.451 0.882
5100 39.686 294.554 260.249 174.955 —57.542 —84.990 0.870
5200 39.694 295.325 260.917 178.924 —57.598 —85.528 0.859
5300 39.693 296.081 261.573 182.894 —57.651 —86.064 0.848
5400 39.682 296.823 262.219 186.862 —57.699 —86.600 0.838
5500 39.662 297.551 262.855 190.830 —57.744 —87.136 0.828
5600 39.632 298.265 263.481 194.795 —57.786 —87.668 0.818
5700 39.594 298.966 264.097 198.756 —57.827 —88.202 0.808
5800 39.547 299.655 264.704 202.713 —57.865 —88.737 0.799
5900 39.490 300.330 265.302 206.665 —57.903 —89.266 0.790
6000 39.425 300.993 265.892 210.611 —57.940 —89.799 0.782
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TasLE 4. Ideal gas thermochemical properties of hydrogen iodidég)Hat standard state pressupf=0.1 MPa (T,=298.15 K

T Cp 0 —(GO—HT )T HO—HO(T,) A{HO AGP

(K) (J-K™1-mol™} (J-K t-mol™} (J-K t-mol™} (kJ-mol™) (kJ-mol™) (kJ-mol™) log K¢

0 0.000 0.000 o0 —8.656 28.676 28.676 o0

25 29.139 134.408 452.616 —7.955 29.007 26.489 —55.345
50 29.114 154.594 299.137 —=7.227 28.947 23.966 —25.036
75 29.112 166.398 253.056 —6.499 28.737 21.520 —14.988
100 29.114 174.773 232.488 —=5.772 28.537 19.145 —10.000
150 29.119 186.578 215.350 —4.316 28.119 14.537 —5.062
180 29.122 191.887 211.011 —3.442 27.838 11.848 —3.438
190 29.123 193.462 210.046 -3.151 27.738 10.962 -3.014
200 29.124 194.956 209.254 —2.860 27.636 10.081 —2.633
210 29.126 196.377 208.608 —2.568 27.530 9.207 —2.290
220 29.127 197.732 208.083 —-2.277 27.422 8.336 —-1.979
230 29.129 199.027 207.661 —1.986 27.311 7.471 —1.697
240 29.131 200.266 207.327 —1.695 27.196 6.611 —1.439
250 29.134 201.456 207.069 —1.403 27.080 5.756 —1.203
260 29.137 202.598 206.875 -1.112 26.963 4.905 —0.985
270 29.141 203.698 206.737 —-0.820 26.845 4.060 —0.785
280 29.145 204.758 206.648 —0.529 26.724 3.217 —0.600
290 29.151 205.781 206.600 —-0.238 26.602 2.380 —0.429
298.15 29.156 206.589 206.589 0.000 26.500 1.701 —0.298
300 29.158 206.769 206.589 0.054 26.477 1.547 —0.269
350 29.217 211.268 206.945 1.513 25.805 —2.557 0.382
400 29.329 215.176 207.735 2.977 17.127 —6.287 0.821
450 29.503 218.640 208.757 4.447 15.851 —-9.137 1.061
500 29.737 221.760 209.904 5.928 —5.481 —9.946 1.039
600 30.351 227.233 212.348 8.931 —5.820 —10.807 0.941
700 31.070 231.965 214.820 12.001 —6.102 —11.615 0.867
800 31.808 236.162 217.230 15.145 —6.324 —12.387 0.809
900 32.512 239.950 219.548 18.362 —6.490 —13.135 0.762
1000 33.157 243.409 221.763 21.646 —6.608 —13.866 0.724
1100 33.736 246.597 223.878 24.991 —6.691 —14.587 0.693
1200 34.250 249.555 225.896 28.391 —6.746 —15.303 0.666
1300 34.705 252.315 227.823 31.839 —6.786 —16.014 0.643
1400 35.108 254.902 229.666 35.330 —6.820 —16.722 0.624
1500 35.466 257.336 231.430 38.859 —6.859 —17.428 0.607
1600 35.786 259.636 233.122 42.422 —6.910 —18.132 0.592
1700 36.074 261.814 234.746 46.015 —6.982 —18.831 0.579
1800 36.335 263.884 236.308 49.636 —-7.078 —19.526 0.567
1900 36.574 265.854 237.812 53.282 —7.204 —20.214 0.556
2000 36.794 267.736 239.261 56.950 —7.361 —20.894 0.546
2100 36.998 269.536 240.660 60.640 —7.548 —21.567 0.536
2200 37.189 271.262 242.012 64.349 —7.763 —22.229 0.528
2300 37.369 272.919 243.320 68.077 —8.004 —22.883 0.520
2400 37.540 274.513 244.587 71.823 —8.264 —23.523 0.512
2500 37.703 276.049 245.815 75.585 —8.539 —24.153 0.505
2600 37.859 277.531 247.006 79.363 —8.822 —24.771 0.498
2700 38.008 278.962 248.164 83.156 —9.109 —25.380 0.491
2800 38.152 280.347 249.288 86.965 —9.394 —25.977 0.485
2900 38.290 281.689 250.383 90.787 —-9.671 —26.565 0.478
3000 38.423 282.989 251.448 94.622 —9.936 —27.143 0.473
3100 38.549 284.251 252.486 98.471 —10.183 —27.712 0.467
3200 38.668 285.477 253.498 102.332 —10.412 —28.274 0.462
3300 38.780 286.668 254.485 106.204 —10.618 —28.829 0.456
3400 38.885 287.827 255.449 110.088 —10.799 —29.378 0.451
3500 38.981 288.956 256.390 113.981 —10.954 —29.921 0.447
3600 39.068 290.055 257.310 117.884 —11.083 —30.463 0.442
3700 39.145 291.127 258.209 121.794 —11.185 —30.998 0.438
3800 39.211 292.172 259.090 125.712 —11.260 —31.533 0.433
3900 39.266 293.191 259.951 129.636 —11.308 —32.066 0.429
4000 39.310 294.186 260.794 133.565 —11.332 —32.596 0.426
4100 39.341 295.157 261.621 137.498 —11.332 —33.130 0.422
4200 39.360 296.105 262.430 141.433 —11.309 —33.661 0.419
4300 39.366 297.031 263.225 145.369 —11.265 —34.196 0.415
4400 39.360 297.936 264.003 149.306 —11.202 —34.729 0.412
4500 39.340 298.821 264.767 153.241 —11.122 —35.262 0.409
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TasLE 4. Ideal gas thermochemical properties of hydrogen iodidég)Hat standard state pressupf=0.1 MPa (T, =298.15 K—Continued

T o s — (GO—HT))IT HO—HO(T,) A(HO A(G®
(K) (J-K™1-mol™} (J-K™t-mol™} (J-K™t-mol™} (kJ-mol™?) (kJ-mol™%) (kJ-mol™) log K¢
4600 39.307 299.685 265.517 157.173 —11.026 —35.801 0.407
4700 39.262 300.530 266.253 161.102 —10.918 —36.341 0.404
4800 39.203 301.356 266.975 165.025 —10.797 —36.883 0.401
4900 39.133 302.163 267.685 168.942 —10.666 —37.430 0.399
5000 39.051 302.953 268.383 172.852 —10.528 —-37.973 0.397
5100 38.957 303.725 269.068 176.752 —10.385 —38.526 0.395
5200 38.852 304.481 269.742 180.642 —10.236 —39.078 0.393
5300 38.736 305.220 270.404 184.522 —10.085 —39.637 0.391
5400 38.610 305.943 271.056 188.389 —9.932 —40.193 0.389
5500 38.475 306.650 271.697 192.244 —-9.779 —40.755 0.387
5600 38.331 307.342 272.327 196.084 —9.628 —41.319 0.385
5700 38.179 308.019 272.947 199.910 —-9.479 —41.888 0.384
5800 38.019 308.682 273.558 203.719 —9.335 —42.460 0.382
5900 37.852 309.330 274.159 207.513 —9.194 —43.029 0.381
6000 37.678 309.965 274.750 211.289 —9.059 —43.607 0.380
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